Background--Recent evidence from cohort studies and meta-analyses suggests that the obesity paradox phenomenon may exist in patients with diabetes mellitus. The goal of this study was to assess the association between adverse events and obesity by using 2 different measures of obesity, body mass index (BMI; kg/m 2 ) and waist circumference, in patients with a mean 10-year history of type 2 diabetes mellitus.
T he prevalence of obesity has almost doubled over the past 3 decades and has been become a health problem worldwide. 1, 2 Although obesity is associated with an increased risk of coronary atherosclerotic heart disease and related cardiovascular risk factors, such as hypertension and diabetes mellitus (DM), multiple clinical trials have demonstrated that obesity offers a striking protective effect over "normal" body mass index (BMI; kg/m 2 ), a phenomenon known as the obesity paradox. [3] [4] [5] This protective role of obesity has been demonstrated in different populations, including patients with coronary artery disease, heart failure, and atrial fibrillation. [6] [7] [8] Recent evidence from cohort research and meta-analyses suggests that the obesity paradox may also exist in patients with DM. 9, 10 In those studies, patients who were a normal weight at the time of diagnosis of DM had higher all-cause mortality than those patients who were overweight or obese. 9 However, whether the protective role of obesity in type 2 DM (T2DM) decreases with the progress of DM is still in dispute. So et al found a Vshaped relationship of BMI with mortality in Chinese populations with a mean 5-year duration of DM. 11 Kokkinos observed an inverse linear relationship of BMI with mortality in black and white populations with unspecified durations of DM. 10 Cardiovascular disease (CVD) is the leading cause of death and the single biggest driver of healthcare costs in patients with T2DM. However, it usually takes ≥10 years after diagnosis for patients with DM to develop CVD. Prior studies have focused mainly on newly diagnosed T2DM patients and those with a short history of T2DM. The relationships between obesity and mortality in these populations have been described previously. 9, 12 Little is known about the relationship between obesity and adverse events in T2DM patients with a long history of DM. Furthermore, previous studies have included relatively small sample sizes and small proportions of patients with extreme obesity (BMI ≥40), which makes their conclusions less convincing. 3, 5, 9, 12 Recent studies have focused on abdominal obesity, as evaluated by waist circumference. 13, 14 However, no relevant study has investigated the relationship among obesity, waist circumference, and adverse clinical outcomes. In the current study, we sought to evaluate the relationship between obesity (defined by both BMI and waist circumference) and adverse events in this population with a mean 10-year history of T2DM.
Method
The national database data used for this study, analytic methods, and study materials will not be made available to other researchers for purposes of reproducing the results or replicating the procedure because of the agreement with the Biological Specimen and Data Repository Information Coordinating Center (BioLINCC). Ethics approval and consent to participate were not applicable.
Data Collection and Study Population
The rationale and design of the ACCORD (the Action to Control Cardiovascular Risk in Diabetes) trial have been described previously and the results published. [15] [16] [17] Briefly, ACCORD was a multicenter randomized controlled trial performed to determine whether intensive control of blood glucose, blood pressure, and lipids could reduce the incidence of CVD in T2DM patients at high risk of CVD. The trial recruited 10 251 volunteers with T2DM whose mean age was 62 years. At the time of recruitment, participants had T2DM for a median of 10 years. They had a mean glycated hemoglobin (HbA1c) level of 8.3%. Some also had a history of previous CVD or CVD risk factors (dyslipidemia, hypertension, current status as a smoker, or obesity). The participants were recruited from 77 clinical centers across the United States and Canada. Surprisingly, intensive control of blood glucose, blood pressure, and lipids was found to have a neutral effect on death and nonfatal cardiovascular events but increased cardiac death. 18 
Exposure Variable
This study is based on the ACCORD trial derived from BioLINCC. We excluded 6 patients for whom no BMI data were available. We further excluded 3 patients in the underweight category because of the small proportion in this category (0.03%). BMI is defined as their weight in kilograms divided by the square of their height in meters. Patients were classified according to BMI standards: normal, 18.5 to <25; overweight, 25 to <30; class I obese, 30 to <35; class II obese, 35 to <40; and class III obese, BMI ≥40. Waist circumference was determined according to the NHANES (the National Health and Nutrition Examination Survey) III protocol during normal minimal respiration by placing a measuring tape around the waist just above the uppermost lateral border of the iliac crest. 13, 19 The primary outcome of the present study was allcause mortality. Secondary outcomes were cardiac death, nonfatal myocardial infarction (MI), and stroke, which have been defined previously.
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Statistical Analysis
Baseline characteristics of patients across the categories were summarized as frequencies and percentages for categorical variables and as means and standard deviations or interquartile range for continuous variables, depending on whether data distribution was normal (assessed by normal Q-Q plots). Categorical variables were compared using v 2 analysis, and continuous variables were compared by ANOVA test or Mann-Whitney U test, according to distribution type. Cox proportional hazards regression models that included statistically significant covariates and clinically meaningful confounders were performed to investigate the relationship between BMI and clinical end points. The adjusted event hazard associated with each BMI stratum was compared with the class III obese group (BMI ≥40). Survival curves from Cox regression models, inclusive of the 5 BMI groups defined earlier, with statistically significant covariates and clinically meaningful confounders as co-covariates, were performed
Clinical Perspective
What Is New?
• We studied the relationship between 2 measures of obesity (body mass index and waist circumference) and adverse events in patients with a mean 10-year history of type 2 diabetes mellitus.
What Are the Clinical Implications?
• No evidence of the obesity paradox was observed in patients with a 10-year history of diabetes mellitus.
• Class III obese patients with body mass index ≥40 had the highest risk of adverse events (all-cause mortality, cardiac death, nonfatal myocardial infarction, and noncardiac death), followed by patients with class II obesity. Overweight patients had the lowest risk.
• Body mass index and waist circumference showed similar relationships with adverse events. Data are shown as meanAESD or n (%) except as noted. ACEI indicates angiotensin-converting enzyme inhibitor; BMI, body mass index; DBP, diastolic blood pressure; DM, diabetes mellitus; FPG, fasting plasma glucose; GFR, glomerular filtration rate; HDL, high-density lipoprotein; HR, heart rate; LDL, low-density lipoprotein; SBP, systolic blood pressure.
using class III obese patients as references. In the multivariable model, we adjusted sex, age, race, hypertension, smoking, hyperlipidemia, previous cardiovascular events, previous heart failure, proteinuria, depression, heart rate, systolic blood pressure, diastolic blood pressure, total cholesterol, low-density lipoprotein, high-density lipoprotein, glycated hemoglobin, and glomerular filtration rate, according to previous studies. 11, [20] [21] [22] A cubic spline smoothing Nonfatal MI. D, Noncardiac death. All models were adjusted for sex, age, race, hypertension, smoking, hyperlipidemia, previous cardiovascular events, previous heart failure, proteinuria, depression, heart rate, systolic blood pressure, diastolic blood pressure, total cholesterol, low-density lipoprotein, high-density lipoprotein, glycated hemoglobin, and glomerular filtration rate. CI indicates confidence interval; HR, hazard ratio; MI, myocardial infarction.
technique was used to study the shape of the relationship of BMI and waist circumference with the logarithm of the relative risk of adverse events adjusted for the above-mentioned confounding factors. The correlation between BMI and waist circumference was determined using the Pearson correlation coefficient (r). All statistical tests were 2-sided, and P<0.05 was considered statistically significant. All analyses were performed using IBM-SPSS (v22; IBM Corp), Empower (X&Y Solutions), and R (R Foundation for Statistical Computing).
Results
Baseline Characteristics
The proportions of included participants with T2DM by BMI category were as follows: 8.39% normal weight, 28.9% overweight, 32.9% class I obese, 20.2% class II obese, and 9.61% class III obese. The mean age was 64.0AE7.53 years, and the majority (61.4%) of the patients were male. Class III obese participants with DM were >3 years younger than their Figure 2 . Survival curves for primary and secondary end points for 5 predefined body mass index categories after adjusting multivariate rates.
A, All-cause mortality. B, Cardiac death. C, Nonfatal MI. D, Noncardiac death. All models were adjusted for cofounders in Figure 1 . MI indicates myocardial infarction.
normal-weight counterparts. Baseline demographic, clinical, laboratory examination, and medication information is shown in Table 1 according to BMI groups. Obese patients were younger and more likely to have cardiovascular risk factors, specifically hypertension, hyperlipidemia, and proteinuria, than were normal-weight patients. Class III obese participants with DM were more likely to be women and to develop depression. Smoking and previous cardiovascular events decreased, whereas other traditional cardiac risk factors, duration of DM, and rate of depression increased across increasing categories of obesity. Obese patients were more likely to accept evidence-based therapies, including aspirin, b-blockers, angiotensin-converting enzyme inhibitors, and thiazolidinedione than were normal-weight patients. 
Crude Events Rates
During a mean follow-up of 9.43AE2.37 years, 1950 patients died (669 patients from cardiac death), 936 patients (9.1%) survived nonfatal MI, and 516 patients developed stroke (5.0%). Crude clinical outcomes among BMI categories are shown in Table 2 . The rates of all adverse events across all categories were similar.
Multivariate Adjusted Analyses
After adjusting statistically significant covariates and clinically meaningful confounders, patients who were class III obese with BMI ≥40 had the highest risk of all-cause mortality, followed by patients with class II obesity, whereas overweight patients had the lowest risk ( Figure 1A ). The adjusted hazard ratio ranged from 0.665 (95% confidence interval, 0.561-0.788) to 0.863 (95% confidence interval, 0.727-1.025) compared with the reference group. The same pattern was also observed for cardiac death. The highest cardiac death rate was also in the class III obese group, followed by that in the patients with class II obesity, whereas the lowest cardiac death rate was in the overweight patients ( Figure 1B) . No significant differences were noted between groups with respect to the incidence of nonfatal MI ( Figure 1C ). The highest noncardiac death rate was also in the class III obese group, followed by the patients with class II obesity, whereas the lowest noncardiac death rate was among normal-weight patients ( Figure 1D ). Figure 2 shows statistically significant covariates and clinically meaningful confounders adjusted survival curves for all-cause mortality, cardiac death, nonfatal cardiac events, and noncardiac death based on the 5 predefined categories of BMI.
BMI as a Continuous Variable
Overweight patients with lower risk of multivariate-adjusted rates across the entire group followed a J-shaped pattern in terms of all-cause mortality, with the highest rates observed in class III obese patients and the lowest in overweight patients ( Figure 3A) . A V-shaped relationship was observed between BMI and cardiac death, where event rate decreased sharply with increasing BMI between 20 and 27, and then began to increase sharply at BMI >27 ( Figure 3B ). BMI was related to nonfatal MI in a U-shaped manner after adjusting for confounding factors, where the nadir of the risk curve was at BMI 33 ( Figure 3C ). The risk of noncardiac death was found to increase with BMI ( Figure 3D ).
Waist Circumference as a Continuous Variable
We found significant correlations between BMI and waist circumference (r=0.802; Figure 4 ). When we used waist circumference as a continuous variable to study the continuous relationship between waist circumference and primary and secondary end outcomes after adjusting for multivariate rates, we observed relationships similar to those between BMI and primary and secondary end points (J-shaped relationship for all-cause mortality, V-shaped relationship for cardiac death, U-shaped relationship for nonfatal MI, and reverse linear relationship for noncardiac death; Figure 5 ).
Discussion
This study was performed using the data from a large randomized controlled trial with a median follow-up of 9.4 years. We studied the recent controversial issue of the obesity paradox in the context of all-cause mortality, cardiac death, nonfatal MI, and noncardiac death in T2DM patients. Our results, benefiting as they do from our use of a large randomized controlled trial with a long duration of follow-up and a relatively large proportion of obese patients, reasonably dispel any notion of an obesity paradox for T2DM patients. Although the reasons for an obesity paradox are not clear, the characteristics of included patients could be involved. Zamorta et al 23 Patients with extreme obesity suffered higher mortality than their counterparts, a finding that is consistent with our results. Some cohort studies 6, 20 found a U-shaped relation between BMI and all-cause mortality. The nadirs of these curves were around a BMI of 30 to 35. If these studies include more class I obese patients (the nadir of the curve) and relatively few class II or III obesity patients in future studies, a reverse relationship or the obesity paradox might appear. Both underweight status and extreme obesity might increase the incidence of mortality. 6, 26 Patients who are underweight may have severe undiagnosed diseases. 23, 27 Conversely, extremely obese patients usually have an increased risk of coronary atherosclerotic heart disease and related cardiovascular risk factors, such as hypertension and DM. Obesity was not determined solely using BMI but also by waist circumference, which provides information on body fat distribution. Most of these overweight or obese patients were abdominally obese. A recent study found that the similarly significant associations between BMI and cardiovascular risk factors, such as hypertension, hyperlipidemia, and DM, are also true of waist circumference. 13 A study performed by
Flegal and Graubard found that waist circumference and BMI predicted virtually the same number of all-cause deaths. 28 Our research found similar results compared with previous studies.
Limitations
Our analyses should be viewed in the context of some limitations. BMI and waist circumference were calculated at admission without reevaluation during the follow-up period. However, the change in weight was small in overweight or obese patients. 29 We did not have enough patients who were extremely lean (BMI ≤18.5) to draw conclusions between BMI and adverse events in these participants.
Conclusion
Data from the ACCORD study revealed no evidence of the obesity paradox in patients with a 10-year history of DM. Class III patients have the highest risk of adverse events (allcause mortality, cardiac death, nonfatal MI, and noncardiac death). BMI and waist circumference had a similar relationship to adverse events.
